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This invention has bean conceived by Dt? Annoottam 

Ghosh? 

The pMsent invention relates to a process for 
preparing novel derivatives of castor oil, and their 
subsequent polymerisation in emulsion, iolutlon and bullfl! 

The polyners yftiich Are also hbvel, have potential 
applications in the adhesives and isurfaco coatings 
industries? In particular, the solution copolymers have 
outlets as adhesives or lacquers'. The emulsion coplymers 
are useful as vehicles for emulsion paints^ 

These polymerisable derivatives of castor oil may be 
synthesised by reacting castor oU with an acrylic acid of 
the following formula t . 

CHj » C- OQGH 
R 

»*»ere R is H or CH^' 
in the presence of a trade a trace of nineral acid as catalyst^ 
Th« Water liberated furing the reaction is removed continuously 
by azeotropic distillation w* h toluene at about 85**C as 
outlined below in t reaction scheme? 

The process for preparation of these novel derivatives 
is illustrated by th« following traction scheme*; In this 
scheme, castor oil is ^presented by the triglyceride of 
ricinoleic acid, whhioh constitutes about 85JI{ of triglycerides 
present in castor oil. The remaining triglycerides take no 
part in the esterification reaction;^ 
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Pft f^ f -*ion Sr -henie t 

OH . I I ■ i 

CHgtCMj), CHOtjOl - ffl(ca2)7C00CH + 3CHj = ^ ToJ^ne \ 

pcoc 

CS,(CH,). - CHCH^CH = CH(ai2)/00CH ♦ SH^O 
^ ^ doOCoCH, 

OCOC « CHj 

yBVT^r^ TBn OR MfTHHTHYLtTB? f./STOR OIL 
R Is H or CHj 

The number «f »ole» of the wrylic acid or nethacrirlie 
acid can b. vaxiad bet«.n O «l.s to 3 »oUs. accordingly 
tb. dagre. of sobstttutlon varias batwean 0 and 2:8? 

1864 parts by waight of castor oU was mixad «ith 
432 parts by «ight of acrylic acid and to this was addad 
« parts by weight of tol»«. * trac. of concantrated 
sulfuric acid (0.01« with raspact to tha castor oU) was 
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added to catalyse the rr.action. 0.1J« hydroquinone was added 
as an inhibitor, so that the hoinppolyn>eris.ntlon of acrylic 
acid is suppressed and the «*,ole reaction mixture was heated 
in a three-necked round bottom flask equipped with a • 
mechanical stirrer and the Dean-Stark assembly. water 
formed during the reaction formed an azeotrope with tolune 
which came over at 85°C. The total amoui^t of water collected 
was 108 ml. which was equal to the ^toichimometric amount^ 
^ha reaction was carried put for 4^ bourse 

The yield was found to be about 95% and the product 
was characterised by infra-red spectroscopy. The hydroxyl 
values indicated the functionality of the product to be 
approximately 2,8; . 

EXAMPLE 2 . ' ' 

1864 parts by weight of castor oil was mixed with 
206.4 parts by weight of nethacrylic acid, in a three-necked 
round bottom flask equipped with a mechanical stirrer and 
the Dean-Stark assembly, A trace of concentrated sulfuric 
acid (0.01^) was added as a catalyst;* of hydroquinong 

was added as an inhibitor so that the homopolymerisation of 
methacrylic acid is supporessed, and 30.3 parts by weight of 
tolunene was added to form an azeotrope with the water formed 
during the course of the reaction. The azeotrope started • 
coming over at 85®C, . The total amount of water collected 
was 36 ml. The reaction was carried out for 5 hours. The 
yield was found to be about 95^ and the product was characterised 
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by infra-rec! spectroscopy. The functionity of the product 
was found to be approximately tS 
PQLWERISA TION ST UDIES 

Emulsion hompolytnerisat ion or copolymerisat ion of 
^he above monomers with common cinyl monomers such as methyl 
methacrylate, styreno or cinyl acetate was carried out with 
8 free radical initiator. at 85®C f6r 4 hours^ 

solution polymerisation ot the above monomers was 
carried out in the usual prganic sdlvents such as ethyl 
acetate, ethanol, acetone at 70-«3^C with a free radical 
initiatoiffl 

EXAMPIE 3 

sourriON coplymerisaticm 

6 parts by weight of acrylated c.istor oil and 14 
parts by weight of methyl methacrylate and 0.8 parts by 
weight of 2,2* azobis-iso butyroniirile and 80 parts Hy 
weight ethyl acetate were heated together for 4^ hours at 
78°C in atmosphere to give a solution copolymer of average 
molecular weight of 14,000 and conversion of monomer to 
polymer was found to be 91,25^ Glass transition measurements 
were carried out on the polymers. Only one transition was 
observed indicating that a genuine copolymer had been formed 
and not a mixture of two honopolymers. The soltidn copolymffr 
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may be used as such or the solvent may be av^sted bff 
yielding the solid copolymer.* 

SiMlar reaction in case of methacrylated castor oil 

gav* a copolymer of average molecular ;veight of 8,00, the 
conversion of monomer to polymer.being 93';4^ and only one 
glass transition was observed? 
EXAMPIB a 

8 parts by weight of methacrylated castor oil (degree 
of substitution 1) and 12 parts by weight of methyl 
wthacrylate and OTS parts by weight of 2,2 * azobis-iso- 
birtyronitrile and 80 parts by weight of ethyl acetate «ere 
heated together for 4^ hours at 75«C in a atmosphere 
to give a solution copolymer of average molecular weight 

of 15,Q0O and conversion of monomer to polymer was found 
to be 86,7%, 

Glass transition studies were carried out on these 
polyarrs. Since only one transition was observed, it is 
indicated that a genuine copolymer had been formed and not a 
mixture of two homopolymersf 

Sioilar reaction in case of acrylated castor oil gave 
a copolymer Of average molecular weight 13.000, the conversion 
being 90.^ and only one glass transition was observed; 

The solution copolymers may be used as such or the 
solvent can be evaporated off to give a solid copolymer^ 
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BifilAPLE 5 

10 parts by weight of acrylated castor oil (degree 
of substitution 2) 10 parts by weight of mothyl metha-crylate 
and 0.8 parts by weight of 2,2' azobis-lsobutyronitrila ahd 
80 parts by weight of ethyl acetate were heated together at 
about 73°C, for 4^ hours in a N2 atmosphere. The resulting 
solution copolymer had an average molecular weight of 18, 700 j 
the conversion being 9L%^ 

Glass transition studies were carried out with these 
polymers and since only one transition was observed it is 
indicated that a genuine copolymer had been formed and not 
a mixture of t wo homopolyners. Similar reactions with 
methacrylated castor oil gave a copolymer of average 
molecular weight of 15,000, the conversion being 9ilQ% 
and only one glass transition was observed ^ 

The solution copolymers may be used as such or the 
solvent can be evaporated off to give a. solid copolymer^* 

EXAMPLE 6 

mjLSlON COPOLYMERISATION 

Emulsion copolymerisst ion of acrylated castor oil 
(degree of substitution 2) and methyl methacrylate was 
Carried out as described belovC 

30 paits by weight of methyl methacrylate and 23 parts 
by weight of castor oil, were emulified with 46 parts by 
weight of tap water containing 2 parts by weight nonionic 
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surfactant and 0.2 parts by weight anionic surfactant and 
o;^3 parts by weiaht sodium cerboxy mathyl wiathyl cellulose and 
0;6 parts by weight potassium persulphate* The emulslof ication 
was carried out by stirring at 200 r^pim; The stirred 
reaction mixtui© was heated at 85^C for 5 hours under 
nitrogen, and the emulsion copolymer product was fortnad? 
The averag'=niolecular weight of the copolymer was found 
to be li5|000, and a vonversion of monomer to polymer of 
94Sfc- 

G lass transition stufied showed only one transition© 
indicating that a genuine copolymer had been formed and 
not a mixture of two hompolymers^ 

The emulsion copolymer may be used as. such or the 
water may be evaporated off leaving the solid copolymez^ 

Similar experiments were carried out with meth-» 
ecrylated cestor oil and the product gave an average 
molecular weight of 150000? 

Glass transition studies were carried out and since 
only one transition was observed, it is indicated that a 
genuine copolymef had been formed and not a mixture of two 
homopolymersr 

the emulsion copolymer may be used as such or the 
water may be evaporated off to yield a solid polymer? 
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gXAMPIE 7 

bUIK. CO POLYMeRISATIOW 

50 parts by ,.«ight of acrylated castor oil (degree 
of substitution Z:b) 50 parts by weight of methyl methacrylate 
and a:4 parts by wight of 2.2" azobis-lsobutyronltrile v^re 
heated to 75**C with magnetic stirring; The reaction was 
carried out for 4^ hours giving a solid copolymer having an 
average molecular weight of 58,000, conversion of monomer 
to polymer was 74;3$&» 

Glais transition studios were carriedout and slice 
only one transition was observed It Indicated that a genuine 
copolymer had been formed and not a mixture of t wo homopolYmers? 

Similar experiment with methacryleted castor oil 
gave a solid of an average molecular weight of 45,000 and 
conversion of monomer to polymer was 66'«5%,' 

Dated this lOth day of August, I98l? 



Sd/- 
A.V. Nathan 
of Remfry & Son 
Agent for the Applicants^ 
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This invention has been conceived by Drt' Annbottam 

GhoshT 

The present inventon relates to a process for 
preparing novel derivatives of castor oll^ sri'd their subsequent 
pblynrerisat ion in emulsibht sdlirtion and bulk« 

The polymers which are also novelj have potential 
applications in the adhesives and surface coatings industries'^ 
la particular, the solution copolymers have outlets as adhesive 
or lacquers. The emulsion copolymers are useful as vehicles 
for emulsion paints^''' 

These polymerisable derivatives of castor oil may be 
synthesised by reacting caitor oil with an acrylic acid of 
the following formula: 

C3l2= C - COOH 
R 

where R is H or CH^, 
in the presence of a trace of mineral acid as catalystT 
The water liberated furing the reaction is removed continuously 
by azeotropic distillation with toluene at about 85°C as 
outlined below in the reattion schemei 

The process for preparation of these novel derivativa 
is illustrated by the folloiving reaction scheme. In this 
scheme, castoi oil is represented by the triglyceride of 
ricinoleic acid, which constitutes about Qb% of triglycerides 
present in castor oil. The remaining triglycerides take no 
part in the esterif ication reaction; 
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Reaction Schema ; 
OH 

CH3(CH2)3 CHCH CH = CH( CH.) -COOCH, 
OH . I 

I I ? H+ 



CHjCCHp^ CHCH^CH = CHCCHp^COoiH + 3CH - ] . 

OH \ GOGH . 85°C 

G^^iCR^)^ CH - CH2CH = CH(CHJ_C00CH. 

f 

ycoc 

OE^iQE^)^ - CHCH2 = CH(CHJ-C00CH 
.CH3(CHp5 - CHCH^CH = CHCcsp^CotfcH + JH^q . 
OCOC = CHg 

OfljCCHg)^ CHCHgCH = Cfl(CH2)7COo42 
OCOC = CHp . 

a is H or CHj. 

Ihe »„ber of nolea ot th, ac^lio acid nethaorylio 
add can be Tariea between 0 moles to 3 aolee 

■ o'lir^f ' °' -"B^^utlon variee'between 

a f i»'entioa provides 

a process for preparing novel derivatives of castor 

IeL''!^°LT^^'" castor Oil «ith acylio 

acid of the following fomulai ' 

OHg = ^ - OOOH , . 
"herein s. is H or OH, in' the preseno. of a trace 
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The mineral acid used in the reaction may 
be concentrated sulphuric acid • . . ' 

The following examples . illustrate the 
invention and shoiid not be considered limitative. 

BXAMH.B 1 

1864 parts by veight-of castor oil was mixed 
irlth 432 parts by wei^t of acrylic acid and to this 
was added 92 parts by weight of toluene. A trace of 
ooncientrated sulphuric acid (O.OIjt with respect to 
the castor oil) was added" to! catalyse the reaction. 
0.1^ hydro quinone was added as an inhibitor, so that 
the homo polymerisation of acrylic acid is suppressed 
and the whole reaction mixture was heated in a three- 
necked round bottom flask equipped with a mechanical 
stirrer and the Dean-Stark assembly. The water 
formed during the reaction formed an azeotrope with 
toluene which came over at 85° c. The total amoiant 
of water collected was 108 ml., which was equal to 
the stoichiometric amoimt. The reaction was carried 
out for 4/2 hours. 

. The yield was found to be about 95?^ and the 

, • ' * ■ 

product was characterised by infra-red spectroscopy. 
The hydrpxyl 

13 
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values Indicatad the functionality of the product to be 
approximately 2'.-'8, 
EX/WPLE ^ 

1864 parts by weight of castor oil was nixed with 
206;4 parts by weight of methacrylic acid, in a three-nseked 
round bottom flask equipped with a mechanical stirrer and 
the Dean-Stark assembly; A trace of concentrated sulfuric 
acid (O;0l^) was added as a c atalyst * OVl^ of hydropquinone 
was added as an inhibitor so that the homppolymarisation 
of methacrylic acid is suppressed, and 30','3 parts by weight 
of toluene was added to form an azeotrope with the water 
formed during the course of the reaction. The azeotrope 
started coming over at 85^C, The total amount of water 
collected was 36 ml« The sresction was carried out for 
5 hours^ The yield was found to be about 95^ and the 
product was characterised by infra-red spectroscopy? 
The functionality of the product was found to be approximately 
1? 

POLYMERISATION STUDIES 

Emulsion homopolymarisation or copolymsrisation 
of the above monomers with common vinyl monomers such as methyl 
mathacrylate, styrene or cinyl acetate was carried out with 
a free radical initiator at 85®C for 4 hours? 

Solution polymsrisat ion of the above monomers wae 
carried out in the usual organic solvents such as ethyl 
acetate, ethanol, acetone at 70-«)^C with a free radical 
initiator* 
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EXAMPLE 3 

SOIXTTICW CX)P0LYMERISATICW 

6 parts by waight of acrylated castor oil and 
14 parts by weight of methyl inethacrylate and O^B parts by 
weight of 2,2? aiobis*lso butyronitrile and 80 parts by 
weight 9f ethyl acetate were heated together for 4i hours 
at 78®C in atmosphere to give a solution copolymer of 
average molecular weight of 14,000 and conversion of monomer 
to polymer was found to be 9i;25^ glass transition measurements 
were carried put on the polymers* Only one transition was 
observed indicating that a genuine copolymer had been formed 
and not a mixture of two honqspolymers. The solution copolymer 
may to used as such or the solvent may be evaporated off 
yielding the s olid cop&lyiaer* 

Similar reaction in case of methacrylated 
castor oil gave a copolymer of average molecular weight 
of 8|000 the conversion of monbmgr to polymar being 93;4% 
and only one glass transition was observed^ 

EXAMPLE 4 

8 parts by %veight of methacrylated castor oil 
(degree of substitution l) and 12 parts by weight of methyl 
roethacrylate and 0.8 parts by weight of 2^2* azobis-iso- 
butyronitrile and 80 parts by weight of ethyl acetate were 
heated together f or 4^ hours at 75^C in a N2 atmosphere 
to give a solution copolymer of average molecular weight of 
15,800 and conversion of monomer to polymer was found to be 
86;?^' 
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Glass transition studies wer« carji4sd« on 
those polymers. Since only one transition wa« bfe^jved. 
it is indicated that a genuine copolymer had been formad end 
not a mixtur® of two hoiBppolyi»rsi 

of ecrylated castor oil 
gave a copolymer of average molecular weight 13,CX)0, the 
conversion being 90.7?^ and only one gl«s8 transition was 
..observed? 

The solution copolymers may be used as such or the 
solvent can be evaporated off to give • solid copolymej? ' 
EXAMPLE ^ . . 

' 10 parts by wight of acrylated castor oil (degree 

of substitution 2) 10 parts by>eight of n*^^ 
arui OSB parts by wight of 2.2 • aioblstisobutyrbrilt rile 
end 80 parts by weight 4f ethyl acetate were heated together 
at about 75^C, for 4^ hours in a atmosphere ; The 
resulting solution copolymer had an average Bolecular weight 
of 18.700, the conversion being 9iJK^ 

Glass transition studies we» carried out with thes^ 
polymers and since only one transition was observed |^ 
indicated that a genuine copolymer had been fomted and hot 
a mixture Of two'homppplymersr Similar reactions with 
methacrylated castor oil gave a copolymer of average moleculat 
weight of 15,000, the conversion being 91fe% and only one glass 
trasnsition was observedi^ 
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The solution copolymers may be used as such or 
the solvent can be evaporated off to give a solid. copolymer? 
EXWIE 6 
• gMULSICN COPOLYMERIS frTIQM 

BroiiXsion copolymerisat Ion of aciylsied castor oil 
(degree of substitution 2) and methyl methacrylate was carried"" 
out as described be lott^ 

30 parts by weight of methyl methacrylate and 
23 parts by weight of acrylated castor oil, were emulsified 
with 46 parts by weight of tap water containing 2 parts by 
weight of nonionic surfactant a nd 0?i-2 parts by weight of anionic 
surfactaht and 0;-3 parts by weight of sodium carboxy methyl 
cellulose and 0.6 parts by weight of potassium persulphate; 
The •mulsiflcation was carried out by stirring at 200 r.p.m? 
The' stirred reaction mixture was heated at 85°C for 5 hours 
under nitrogen, and the emulsion copolymer product was fomrec^ 
The average molecular weight of the copolymer was found 
to be 115,000, and a conversion of moribmier to polymer of 

6 lass transition studies shomd only one transition, 
indicating that a genuine copolymer had been formed and not a 
mixture" of two hompolymers', 

: . The emulsion copolymer may be used as such. or the 
water may be evaporated off Uavtng the solid copolyitier? 

Similar experiments were carried out with methacrylated 
castor oil and the product gave . an average molecular weight of 
150,000;: 
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G lass transition studies were carriedout and 

sine only one tatansition was observed, it is indicated that 

a genuine copolymer had been fosmsd and not a mixtuze 

of tv#o horaopolymarso 

T!i9 emulsion copolymer may. be used as such or the 
water may be evaporated off to yield ^ solid polymei^? 
EXAMPLE 7 

BULK COPOLYMERISATION 

50 parts by weight of acrylated castor oil 
(degree of substitution 2f'8) 50 parts by weight of 
methyl methacrylate and 0,4 parts by weight of 2,2' 
azobis-isobutyronitrile were heated to 75**C with magnetic 
stirring. The reaction was carried out for 4^ hours giving, 
a solid copolymer having an average molecular weight of 58,000,- 
conversion of monomer to polymer was 74735l».' 

Glass transition studies were carried out and since 
only one tr nsition was observed it is indicated that a genuine 
copolymer had been formed and not a mixture of two 
homopo lyma r ?f 

Similar experiment with methacrylated castor oil 
gave a solid of an average molecular weight of 45tCX)0 and 
conversion of monomer to polymer was 66.^57Q 
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1. A process for preparing novel derivatives 

of castor oil which compzrises reacting castor oil 
with acrylic acid of the following formulas 



CHg « C - COOH 



wherein R is H or CH^ in the presence of a trace 
mineral acid and removing the water liberated in the 
reaction by known iaeans» 

2. A process according to claim 1, wherein 
said mineral acid is concentrated sulphuric acid» 

3, A process for preparing novel derivatives 
of castor oil substantially as herein described and 
with reference to the foregoing examples* 

Dated this 2nd day of August, 1982< 
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